Yes, we also offer various storage systems for back-up and portable storage. Our industry is experiencing explosive growth as almost all forms of contentsuch as pictures, movies, music, computer data and programs-are digitized and stored digitally.
Can you give us a brief description of the different parts and processes that are necessary in order to produce hard disks?
At the heart of a disk drive is the recording system comprised of a recording head and a disk. The head writes data to the disk when data needs to be stored, and then reads it back when the user wants to retrieve it. The other major systems of a hard drive include a very compact motor to spin the disk, a suspension and head stack that suspend the head over the disk, a magnetic actuator that rapidly moves the head and stack from track to track, a printed circuit board with microprocessors, recording channel, analog and digital circuitry, and finally a base and cover assembly that encloses the drive and holds the various parts together.
What are some of the important materials issues that are currently being addressed by Seagate in their R&D efforts?
Seagate's most significant materials challenges are in the design and manufacture of the recording heads and media. Today's most advanced disk drives store 150 billion bits of data in a square inch of disk space. This means that the surface area allocated to one bit is about 20 nm long and 170 nm wide.
When the recording head writes data, the magnetic flux it emanates has to be confined only to the area occupied by the bit; otherwise, it would erase neighboring data. This flux has to be strong enough to change the magnetic polarity on the disk. When the head reads data, it utilizes a tiny TGMR stripe to sense the minute magnetic flux lines from the written bit on the disk. Seagate was the first company to utilize TGMR transducers; this stands for "tunneling giant-magneto resistive." As the name implies, they utilize the giant-magneto resistive effect to convert magnetic flux transition patterns to electrical signals.
Likewise, the disk has to be designed to keep a magnetic bit magnetized for decades without thermal erasure and to be easily written with a tiny magnetic flux pattern. This involves using sputter deposition to build the magnetic layers one by one on the disk. A series of layers containing cobalt, platinum, chrome, ruthenium, and other elements are deposited with a final protective layer of carbon. The disk is then covered with a thin lubricant to prevent wear when the head flies over it.
In your opinion, what future materialsrelated problems will need to be solved in order to bring the next generation of hard disks to the market?
The next generations of disk drives will employ smaller and smaller bits to store more data. In fact, the bits have gotten so small that it is difficult to keep them thermally stable for many years. For this reason, the industry is turning to "perpendicular recording." With this recording technique, the data is written in such a way that the magnetic bits stand upward (perpendicular) on the disk as opposed to being in plane with the surface of the disk. Perpendicular recording allows media designers to deposit thicker magnetic layers without compromising the bit size. These thicker layers hold more magnetic material and are resistant to thermal erasure. Engineers and scientists at Seagate are pioneers in this technology, and as a result, Seagate is the first disk drive company to utilize perpendicular recording in its entire product line, providing our customers with a more reliable product than was previously available.
We believe that perpendicular recording will bring us to a range from 500 Gbits/in 2 to 1 Tbit/in 2 recording density, then heat-assisted magnetic recording (HAMR) and/or bit pattern media (BPM) will bring the density beyond 1 Tbit/in 2 [see Figure 1 ]. The challenge for researchers is to find novel materials that are not only able to support recording density but also to sustain all reliability testing under most extreme environmental conditions. That being said, in my experience, the engineers in the U.S. are the best at innovation and taking risks. The majority of the U.S. companies that expanded to other countries had kept the core technology and advance product development in the U.S. while they expanded the high volume manufacturing in other countries. This had created an environment in which the companies maintained the ingenuity of the U.S. engineers while the other countries' engineering skills focused on sustaining and improving cost, performance, and the reliability of technology-driven products. 
How did you enter this industry and what career path brought you to this point?
I've been in the disk drive industry my entire professional life. I graduated in 1978 with a BSEE degree from the Polytechnic Institute of New York, prior to joining IBM. IBM invented the hard disk drive 50 years ago. I worked at IBM for six years as a disk test engineer on the 3380 disk drive that was the size of a large sub-zero refrigerator; it had 5 Mbytes of storage. I currently have a Seagate pocket drive that fits in my shirt pocket and has a 5 Gbyte capacity (1000 times larger) [see Figure 2] . I left IBM in 1983 and joined a small start-up company called Domain Technology that produced magnetic disks for drive companies such as Maxtor. An IBM PC that had a hard disk was announced that year. There was tremendous demand for small compact disc drives for personal computers as a result. Domain eventually went bankrupt and was acquired by Conner Peripherals in 1990, and six years later Seagate acquired Conner.
Over the years, I've held many leadership roles in magnetic disk and recording head R&D as well as manufacturing. Currently, as Senior Vice President of Heads and Media at Seagate, I'm responsible for all aspects of Seagate's Head and Disk business. This includes R&D and manufacturing.
What do you find the most challenging in your current position at Seagate?
Definitely the technology. Our industry is one of the most demanding in technology deployment in mass production. Every day we push the limits of science and engineering. I feel so very fortunate to be associated with the team here at Seagate.
When I joined the hard disk drive industry years ago, researchers had projected the recording limit will be ~1 Gbit/in 2 due to the superparamagnetic issue. Since then, the barrier has been broken to 1 Gbit, 10 Gbits, and now is believed to be beyond 1 Tbit/in 2 . In February last year, Seagate introduced the 12-Gbit/in 2 disk drive, and Figure 1 . Perpendicular recording is expected to achieve a range from 500 Gbits/in 2 to 1 Tbit/in 2 recording density, then heat-assisted magnetic recording (HAMR) and/or bit pattern media (BPM) is expected to bring the density beyond 1 Tbit/in 2 . GMR is giant magnetoresistance. Courtesy of Seagate. 
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